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(54) Method for Synthesizing High-Purity Carbon Nanotubes 

Abstract 

Presented is a method for synthesizing high-purity carbon nanotubes with no attached impurities. After several carbon 
nanotubes perpendicularly aligned on a substrate are synthesized, nitric acid, hydrochloric acid, and acetic acid, or a mixture of these 
gasses is supplied to the above-mentioned carbon nanotubes allowmg removal of impurities attached to the above-mentioned carbon 
nanotubes. Thus, this invention allows the synthesis of a high-purity carbon nanotubes. 

Representative figure: 

Figure 1 
Specification 

Brief description of the figures 

Figure 1 is a flow chart showing the synthesis of carbon nanotubes of the invention. 
Figure 2 is a detailed flow chart showing carbon nanotube synthesis stages. 

Figures 3a and 3b are cross sections showing the substrate on which a catalytic metal film is formed. 

Figure 4 is a sketch showing the thermal chemical vapor deposition apparatus being used for the application example of the invention. 
Figure 5 is a cross section showing a stage for forming separated catalytic metal particles in nano size. 

Figure 6 is a cross section showing a stage for forming carbon nanotubes from the separated catalytic metal particles in nano size. 
Figure 7 is a timing chart of a gas pulsing method performed by means of a refining gas that is applied at in situ refining stage. 
Figure 8 is a detailed flow chart showing the refining stage. 

Detailed explanation of the invention 
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Sw'S? o^^ l""'"®* ®* "^^^^^^ (199^ * D.S.Bethune et al.. Nature 363 605ri993ttOli^ aiolxj s 

?^^;^?« 5«t-7|4^S*ra(Z.F.Ren et al.. Science. 282, 1105 (1998)) o£ &:lil4iii#M» «4d» gaofl 
>^FS*K>| 7|&^<H| 4-5J*F7|| sag 6f-f»7HSJ &4:i4inffM«« 12 

jo^ ^71 «ssfsr7i^s*r5r*im(HiAH ^71 esia uft a7|o| ^oh si 5l«Dh^ * 

ft 7|e4KHl ^sisjtII s^S ^4'7Hs| B>i:i4tWM»S a^t^fe btiw ais^ 
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afe ^71 7FAfii «s^sa^» Afg«ffe sBfso^ 4|ztffl(Hi fii«fl i^^sai^. 

4J7| ^4:L^in#M»» ff^*ffe B7||te 700- 1000 "CSj SEOflA^ 20 LHxl 200sccmSJ ^S-oa io lM 

^7iaa^*r7i^§*r5^*iaifiN ^7iel'7£?*-.^^^^^^ ^ 
s&cF. :im s ss oi*KHiAi 7HAi£ife uMm &S£t I5"^E^ Ais If* trie % 

B7^l(10B7^|)^2fSx||e7^|{1oo^:N|)S?^Sl:^. H*-n'-»_i Br« 

e?fl(io B7«)» i2mxi 6S?^5«fo^ ^iiasfe, axi, 7i&(£ sasi no^KHi^oii 

3*SfeKE3afil 130)SS{^&c:KE 2S| 10-1 B% 7|S(iiO)osfe #B|. -MS. ^ElS it tf^PDl 

»^(Ai203) 7ISS0I ms^^{^30)S: aas. MIS, =M, afe o|ssi &S(attM-g 

i+^JHfelSItt* A^««^o^ 7|iKiio)^(H| ^ nmUlxl mmi mmy^t 2m^m\ 

200nm ¥^N|S S^ffCf. -i r i c znm miai 

7|&(110)OS ;jS|S« AfSSfJl j^DH a4?BKi30)S atfS. Ma SEfe omsl S^ffg« Af 
S«FcH S^tr g^oflfe 7|&(iio)j!f ^oH S'«?aKl30)o| ^s. ttS«f<H 4/SWo|Earo| s^£| 
'T-?^^^.'^'*^^' S^=Kl30)titi a<H|7|B^<H| aaaKE3b2| 120)« S^«ffe 5J0| 

W&s|«H:f. 4ia|S4FSfer afe 8^^D|i4S0| a2iBKi20)os Afgm. 

o|o^A^. ^DHS^af(l30)S i^ztm &m rnr. a7|o| WxFSdndependently isolated 

nano-sized catalytic metal particles)^ 2S| 10-2 

afe 4^71 7^^^S| fiE^SD^# A^SS^fe fi5^SD^ ilZtfflOil fi|«H 4'«SCt. 

4(H| EA|£|o^ 2^«^7|^S«r5^*|S| Me(310)<H| 7^^| 0|Z1£|E^ 14&«| ^*|& :f a 

e» a »«r7|4rS«rS*lS| H^SS (300)U|S SStH*. MS(310) SSAI 7|B(1 10)^011 Si^JEloi ft! 

^oH e^Br(i30)si ienoi 7jAfij ^2ig^»(3i5)3* B.H3I 9f»oiaAi oMs »«^E^*^ 

7|S(110)4^<H|A4 ^zf 7F>irOj #|r*a(massflow)0|2a«8x|a^ tfgsi 2«ja» feo|7| ?| 

tf«s(3oo) ui«i(Hi ^(Haie iz^eissoi "aoix^Ai asrs mM?\t as »xi«f7i ashahoi 

MS(310) S9*. fih*a(330) UlSl 8[«i|ft i:||7|8K^sr m7\^Sm*m AFStf gi?) afe LHxl 
4= all mTorr- Torr SE(X^S^ SJSt7|4rs«^»*l» A^«ff g^il)7^ JE|£H ff ^. Bh«S(300) 

si^m m 2«j(330)a ^^sm e^«s(30o)uifij sat 700*0 lhx| iooo«cs ^^Mti 
cf. e>«s(3oo) UI2I £E7^ as saofl t:n:^se^ 7^^» Eh«s(3oo)Lii£ ^sm m 7^Afe 
^^ago^ 7F:6s,«{»:1i 7h>s,afe '^»^ts^s 7^>s»A^stt wc*. ois ^|■aL^o^ 7^>.7^&)^^ 7^:i: 
£ tin^5|«^[:^. ^zm 7FAg Atssr g^oflfe so uixi 4oo8ccm2i #?ros 10 mxi 3oe s& 
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lIS^Efy*^ 7^^7^^se«liElo^ 7\^s '^m ^ 

W gram boundary)* a}BK»aH S<*,aKi30)fi ^^^«^o^ AHS Tas^o^ gala At a^^^^ 

122 ,?L°^l!"^t 13;6MH2.7F^o, a^o.imx| 10Torra.'5j5l50U|A| 200W2.I ssi 

aS^^nl- ^rJL^^r'*''^ «^f^^ ^^'^^ 7^^130U|X| 300sccmos as^j^AlTj 

«s^sD^^| o|««fo^ asouixi eoo-c &£(H|a4 5uhx| soeyajoH S^af/iams^SoJ mSS 

'^--^^ -^^^S S^» 3o!1^^0s^o^*^^^^ 

&t:f..ij2rgSS350U|x|600'CS£<H|AH5mx|3oe&4JA|eH:t. H-TWAr»e 

a£4(HiEAiiEj(H 9i^ny\^smMmM g^, 7h^^ sas 

7f^S &SS(300)LHS SSm. tf*S(300) U|a| SEfe gSlS H7|o| ' «DB 3^ 

?^5?^o?l? .s^^s*'^ SESflei 700 LHXI iooo-c5 IxiSsi m 

7^Axz20U|X| 200sccrt.o| ^|^os io U|X| SOSSff Sa&C^. B± ±2.^ 7l^^^ d- CS| fi" 
Jib(hydrooarbon) 7h>.7F AfSBcf. dF#5|«f7|Ste oWlfil!!!, oflHa. CH|& » am = 

ISLtls^|yc^.^ ^^^^^ '^'Al / 

^ns^ej se^sD^ Atssfo^ eeisi^t 37isi m S't^sJx^#« g^w gaoA^ =4 
5^3cH syfe7ie« sgff ^,mM^m ssjff is saik L 2^^ 7* s ^ 

.*^0^&4^l4ill#M^|^SA|aI::^. r_wwu 

»^7^^)i•/afea|*!^7^^(^^a^S7^^)ss&;4;4:2A7^As^gA|o^lWtt^£ ' 
s. B±±2.± 7\±s[m ms. m yi^oii-.'szm 7fa.^± 7^>^^fe ^^^.^a 7t 

SAN «s«KH 7|S^(Hi s^^jEife e^i4it#MS| Bj£SF «eH» sfitf jWci 

7^>.2^ 7h^o| i^iiuife 2:1 uixi 3:1 oi ammc^. 

E6tH!EA|«Ej<H aifeafSI- SfOI Bh«£(300) mS «Sa 7^A(500)fe iSesMSjOi Uii .37101 

^OH 3^ Wfi(130p) Ztz^oflA-J &4sl4in#M(150)fiO| mt^S.m ffc*. a 94 5|go| 4inm U| 

^^ilaJTfl-'Stt^w"^'^^' ''^^""^^^ o.5puixi 3oopej e 

0|<HAH. &± ±2.i, 7Fii:« m7\m.(S. 2SI 1CM 9^1). E 7<H| £A|£|<H WfeH^2^ 5^0|, 

5 «se *fB8to, 7tA» y«s(3oo)uis 200 uixi soosccmss aa«^o^ ^ssooouioi 

SS«ffe ^2>s 7^>it» bH7|Ti(340)» ««H HH7|£M:f. Stt^ 7^A£fe OhSS 7^^7l a^* 

0|?J?fl &ii:LFt#M(150)«S| &^0| &S£je, &4:L|t#M(150)SS| ^TiS B^IIOfl 0|<HA1 &iLf 
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ii#M(l50)gS mm.(Z 1S1 100 B7II) 

^^^^^^^^^^ ^'"'--J 

(57). ^^£1^^ 

Ste ^'^^"^ '^'^'"^ &4.Lfi.#Mss sr^ 

6^71 e4;l4tffMS<H| <aif, oMImt^ o|So| OlflicHS -iScHliH AHaa axil ,1.^ 
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&± 7F^» o|g«KH ^71 ttS^sf7|^S«^5^*IU|(H|AH ^71 esia a7|s| ^oH SJ 
&^i4Jc#M« ^5fA|?^ 7|S^<H| 4'5|«t7ll SBS *I4»7HSI e^sUtftyss 

:t 7hAa!4i:ts^s 7fAs Off CHS nflcHiA-i dms oit«mfii ijzf 7^-i.« e«iiAi^ Vssf 
«i esrofl a!o^A^, ^7i 7^^^fe g^au|o^ 7^^oi4i, 

^71 7^:i. 700 LHXI 1000'C fil SEOflAH 80 LflXl 400sccmoS {*7| ^^HMo^ 7^>^» 10 mx| 30 

«l 49(H| a!(HAH,if7| esiS Llii a7|s| aroH S*sr yx^ss Bnt STSMoF 7^^. «^ 

^ 7FA Di 4:4.5^^ 7^xs offcHS ae<H|Ai dais cHir smo| 7^^o| getSDH AFSsffe & 

«l 4»<H| a!<HAi^7| BiiUicffMSS BMIte 700 ~ 1000 "CSI S£(H|AH 20 U|X| 

200sccm£| ^S-SS 10 UX| 60 ^Zh B^ itfi^i: 7^;±:^i «£¥A|?ieA1 SSiEjfe 113©^ Mfe 

S=F» 10 

XII 4?KHi mM, ii7\ m B^iisf ^71 B4:i4in#M«» nm^ Bn 

ffl s^«^7|^s«^•s*|l4|(H|A^ ej-Ai#s ssisife 5<s^sas «Ffe B4:i4iE.#Msi 

«i 45^011 5y<HAi^7i B±i4iii#Mss ttmt Bn Off (Hi 7^>i» A^««^o^ ^71 ^asf 

«r7|^Sa|-5r*|S¥Ej 4r7| Bit ii:2^ 7^A:« dH7|«ffe BTflft c^?d|«^fe 5!S*ISas 8^te B± 
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